I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The management of hydrocephalus in premature infants is a conundrum. The etiologies in this age group vary from more common causes such as germinal matrix bleed, infections, and aqueductal stenosis, to less frequent cerebellar hematomas and tumors. Ventriculoperitoneal shunt (VPS) is the definitive management of hydrocephalus. However, cerebrospinal fluid (CSF) diversion by VPS is not always feasible in premature infants due to factors such as abnormal liquor characteristics, unfavorable abdominal status, or local/systemic infections. Hence, some patients need temporary alternative while awaiting conditions that favor long-term shunt patency. CSF diversion in the form of ventriculosubgaleal shunts (VSGSs) has been described for various etiologies ranging from tumors to infections. VSGS have been recommended as a more physiologic and less invasive method of relieving intraventricular pressure with reasonably low morbidity.\[[@ref1][@ref2]\] Our aim was to study the outcome of VSGS in treatment of preterm infants with postinfectious hydrocephalus and those with hydrocephalus due to other causes.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A retrospective review of patient's records was carried out at our tertiary center during the period January 2012 to January 2015. This study was carried out after obtaining appropriate clearance from the institutional review board.

Inclusion criteria {#sec2-1}
------------------

All patients who underwent VSGS in our institution in the aforementioned period were included in the study. On the basis of the data collected, study participants were divided in two groups---group 1(postinfectious hydrocephalus) and group 2 (noninfectious hydrocephalus). The diagnosis of postinfectious hydrocephalus was made when there was a positive CSF culture for bacteria or CSF findings suggestive of infection in the clinical background of meningitis. Group 2 included patients who presented with hydrocephalus due to noninfectious etiology viz. germinal matrix bleed, aqueductal stenosis, and cerebellar hematomas. Both groups also included patients who underwent secondary VSGS after failure of VPS performed at different institutions. The primary causes of hydrocephalus seen in these patients were of both infectious and noninfectious origin.

Exclusion criteria {#sec2-2}
------------------

Patients who died before the procedure were excluded from the study. Patients in whom the VSGS was not converted to VPS due to lack of consent were also excluded from the analysis of primary outcome.

Outcome {#sec2-3}
-------

The primary outcome of the study was good outcome, which was defined as successful conversion to VPS, and secondary end point was bad outcome defined as mortality.

Statistical analysis {#sec2-4}
--------------------

The principal characteristics studied were age at presentation, birth weight, weight at the time of surgery (VSGS), complications of surgery, weight at conversion to VPS, time to conversion to VPS, and outcome.

Fisher's exact test was used to determine the significance of association between etiology (infectious vs. noninfectious) and outcome, i.e., conversion to VPS or death. Mann--Whitney *U* test was employed to analyze whether the time duration of conversion to VPS in both groups was statistically significant.

Surgical procedure {#sec2-5}
------------------

The illustrated case shows postmeningitic hydrocephalus in a preterm infant \[[Figure 1](#F1){ref-type="fig"}\] whose CSF protein level was 2 gm/L.

![Computed tomography of brain plain---showing pan ventricular dilatation of the ventricle of the brain. Left-sided ventricle is marginally more dilated than the right](JPN-13-322-g001){#F1}

The lateral end of the fontanelle is the preferred site for the ventricular end of VSGS insertion. A curvilinear incision is made at the lateral end of the anterior fontanelle \[[Figure 2A](#F2){ref-type="fig"}\]. After raising the skin flap, a generous pouch of size 10×10 cm is created occupying the temporal and parieto-occipital region of the scalp \[Figure [2B](#F2){ref-type="fig"} and [C](#F2){ref-type="fig"}\]. The lateral end of the fontanelle is punctured with the ventricular end of the catheter, which is further advanced into the lateral ventricle. After collecting CSF for analysis, the tube is connected to a connecter which is anchored in place by suturing it to the periosteum \[[Figure 2D](#F2){ref-type="fig"}\]. A slit peritoneal end of the medium pressure Chhabra Ventriculoperitoneal shunt is connected to the connector and allowed to be drained in the newly created subgaleal pouch \[Figure [2E](#F2){ref-type="fig"} and [F](#F2){ref-type="fig"}\]. The incision is closed in layers. An illustrative case of a successful VSGS procedure is shown in [Figure 3](#F3){ref-type="fig"} followed by [Figure 4](#F4){ref-type="fig"} which shows the child after successful conversion of VSGS into VPS.

![Operative procedure of the child undergoing VPS. A and B---child is positioned with head turned to the right side. A curvilinear incision is marked at the level of the lateral edge of the anterior fontanelle. A skin flap is raised along the incision line. C---a spacious subgaleal pouch is created along the temporal and parieto-occipital region. D---the lateral end of the fontanelle is tapped with a ventricular catheter. Note the flow of the opalescent CSF into the sample bottle. E and F---the distal end of a peritoneal catheter is connected to a connector to prevent kinking at the edge of the fontanelle, and slit ends of the same are placed into the newly created subgaleal pouch](JPN-13-322-g002){#F2}

![Postoperative day 3 shows a working ventriculosubgaleal shunt in an infant who underwent the procedure as a result of postmeningitic hydrocephalus](JPN-13-322-g003){#F3}

![Collapsed CSF pouch in the patient shown earlier in [Figure 3](#F3){ref-type="fig"} after successful conversion of VSGS into VPS](JPN-13-322-g004){#F4}

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

There were total 16 patients who underwent VSGS during the defined period. There were 6 male and 10 female patients. All patients were born preterm. The mean birth weight of the patients was 1.78 kg (range from 0.9 to 2.5 kg). The mean birth weight in infants of group 1 was 1.84 kg and in group 2 was 1.78 kg. All patients were primarily seen in the pediatric emergency and were referred to us after a diagnosis of hydrocephalus was established. Depending on the etiology, the patients were grouped into infectious and noninfectious groups. There were nine patients in group 1(infectious group) and seven patients in group 2 (noninfectious group). There were six patients in this study who underwent a VPS from other institutions and presented with secondary shunt malfunctions. The primary etiologies for hydrocephalus in them were aqueductal stenosis in two, germinal matrix hemorrhage in two, and postmeningitic hydrocephalus in two. Hence, these patients contributed to four patients in group 1 and two patients in group 2. The other etiologies in the group 2 were composed of cerebellar hematoma associated with hydrocephalus and Chiari type 2 malformation associated hydrocephalus. The patient and CSF characteristics in both the groups are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The CSF protein in all cases was \>500 mg%, which was unfavorable for VPS. The mean protein concentration in group 1 was 867.4mg/dL and 569.7mg/dL in group 2.

###### 

Clinical profile of patients who underwent VSGS for infectious etiology

![](JPN-13-322-g005)

###### 

Clinical profile of patients who underwent VSGS for various conditions other than infectious etiology

![](JPN-13-322-g006)

The average age of the patients in group 1 was 4.1 months (range 1--8 months), and in group 2, it was 5 months (range 2--12 months). All patients in either group underwent VSGS in the manner described earlier. All patients were followed up for improvements in the CSF parameters and body weight. The primary objective of conversion to VPS was achieved in all but one patient with aqueductal stenosis in group 2. The parents of the infant were not willing for any further procedure. This one patient remained asymptomatic as long as 24 months after VSGS and hence was excluded from further analysis. Primary end point of conversion to VPS was achieved in 55.5% of group 1 and 85.7% of group 2 (Fisher's exact). This outcome was found to be statistically nonsignificant. The average duration during which this was achieved was 40 days (range 20--60 days) in group 1. Excluding one patient, the average duration of conversion in group 2 was 25 days (range 20--30 days). The average weight at conversion to VPS in group 1 was 4.01 kg and in group 2 was 4.39 kg.

The secondary end point, i.e., mortality occurred in 44.4% of group 1 and 14.2% of group 2. Complications occurred in both groups.

Complications {#sec2-6}
-------------

They were in the form of scalp infections, scalp tissue breakdown, CSF leak and subcutaneous pyoceles, pouch collapse, and bone remodeling under the subcutaneous pouch. Sterile CSF leaks were sutured and gross subcutaneous infection prompted a VSGS on the opposite side. Overall complication in this study was 37.5%. The rate of complication in each group was 44.4% (group 1) vs. 28.7% (group 2). This difference was not found to be significant on statistical analysis. Two patients in group 1 underwent bilateral VSGS and one among them was subjected to external ventricular drain (EVD). Minor complications were scalp infection with sterile CSF, and local tissue breakdown was encountered more frequently in group 1. An important complication of failure of VSG was pouch collapse. This is due to nursing the child on the side of the pouch in the immediate postoperative period. This complication may prompt the surgeon to repeat the surgery, but we think it is hardly necessary. We have found a novel technique by which we move the catheter along the subcutaneous plain from outside in an attempt to redissect the collapsed pouch. The immature adhesions of the subcutaneous plain usually yield to the stout distal end of the peritoneal catheter. However, this technique fails if this is performed after the subcutaneous adhesions have already matured and pouch has irreversibly collapsed. Bone remodeling under the tense CSF subgaleal pouch is another complication that we encountered in one patient. This complication was less evident on follow-up due to the skull expansion with growth.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The management of hydrocephalus in prematurity is a conundrum. The ultimate goal of permanent drainage of CSF is not often achieved owing to low birth weight or liquor characteristics. This has led investigators to look for other alternate procedures such as placement of EVD,\[[@ref3]\] ventricular access devices (VADs)\[[@ref4][@ref5][@ref6]\] such as Ommaya and Rickham's reservoir and repeated lumbar puncture\[[@ref7][@ref8]\] for the relief of hydrocephalus. VSGS is another feasible alternative considered in this particular scenario because of it being more physiologic than other forms of CSF diversions. VSGS acts by absorbing the CSF through the skin of hemicranium, face, and eyelid in the short term and also through the subgaleal pouch. It also protects the brain by dampening the intermittent peaks of the intracranial pressure (ICP) that occurs in hydrocephalus.\[[@ref9]\] VSGS procedure has an added advantage of not altering electrolyte and nutrition losses that are inherent to other forms of CSF diversion.\[[@ref10]\] It also offers theoretical advantage of back pressure offered by the subgaleal pouch, which can accentuate the natural CSF absorptive mechanisms.\[[@ref11]\] Although known for more than 100 years, VSGS procedure is observed to be employed at a much less rate compared with the others.\[[@ref12]\]

The amount of CSF drained by VSGS might not be equivalent to the quantity of flow as in VPS but is a preferable option in premature cases. This is because unfavorable conditions such as low birth weight, presence of an immature immune system, inadequate absorption capacity of the abdomen, ineffective elimination of blood products from the CSF flow in the ventricular system, and insufficient thickness of subcutaneous tissue preclude a successful VPS. During the improvement of those parameters, the most important parameter to be followed up carefully is body weight. Therefore, in some institutions, the adequate body weight of 2 kg or even 2.5 kg is a prerequisite before performing a VPS.\[[@ref4][@ref13]\]

The optimal CSF characteristics for long-term shunt patency is controversial. As a general belief, CSF with high protein content is considered to favor obstruction, and permanent diversion procedures are deferred until protein levels are normalized.\[[@ref10][@ref14][@ref15][@ref16]\] This practice is followed in our unit also. In all our patients, the CSF was hyperproteinorrhachic (\>0.5 g/L). On the contrary to this philosophy, there are researchers who have opposed this finding and noted that hyperproteinorrhachia does not influence shunt obstruction.\[[@ref17][@ref18][@ref19]\]

It is known that repeated ventricular taps and lumbar punctures in premature newborns can control the rise of ICP but has the disadvantage of increasing the risk of infection and meningitis. Similarly, EVD systems expose the intraventricular environment to the exterior, consequently predispose to infection. In a meta-analysis of literature, Badhiwala *et al*.\[[@ref11]\] found lower rates of infection in VSGS compared to EVD and VADs. The EVD systems also carry the risk of inadvertent over drainage if not closely monitored. Moreover, it is associated with loss of protein and electrolytes, which may be detrimental in already fragile children.\[[@ref9]\]

The VSGS is similar to VADs (implanted reservoirs) that it is a closed system within the body. The CSF pouch can be used to monitor the CSF characteristics by aspirating the subcutaneous reservoir. But this is not without risk as repeated punctures can damage the fragile skin and subcutaneous tissue of premature infants, leading to breakdown and erosion with added risk of infection.\[[@ref20][@ref21]\] Performing VPS at an early period in premature infants with post hemorrhagic hydrocephalus was associated with increased rates of shunt infection as well as malfunction.\[[@ref22]\] Taylor and Peter\[[@ref14]\] published a series of 36 cases in 2001 and advocated that VPS should be performed late on premature infants because of the need for clearance of ventricle from blood products, which takes at least 5 weeks.

The VSG shunt is not a new procedure; Von Mikulicz was the first to describe it as early as in 1893.\[[@ref23]\] In the last two decades or so, there has been renewed but limited interest in VSG shunting. The indications are not only limited to posthemorrhagic hydrocephalus of prematurity, but has been extrapolated for hydrocephalus of other etiology such as caused by brain tumors, subdural fluid collections, and infections.\[[@ref2][@ref24][@ref25]\] The literature is also restricted, and only a few publications are available in which more than 10 patients' data can be collected.\[[@ref1][@ref24][@ref25][@ref26][@ref27][@ref28]\]

Our study was composed of patients who were preterm with comparable average birth weight of 1.84 kg in group 1 and 1.78 kg in group 2. Average age of presentation was 4.1 months and 5 months, respectively. We found that mortality was more in group 1 patients (44.4%) as compared to group 2 patients (14.2%). The mortality in group 1 was primarily due to disease progression leading to uncontrolled infection and septicemia. The mortality in group 2 occurred in one patient with cerebellar hemorrhage in whom surgery was contemplated but had a cardiac arrest succumbing to death. Remaining patients who survived in both the groups were converted to VPS within a duration of 2--2.5 months of VSGS amounting to conversion rate of 55.5% (5/9) in group 1 and 85.7% (6/7) in group 2. This duration is similar to the time duration of viability of VSGS described by Tubbs *et al*.\[[@ref29]\]

One patient from group 2 still continues to be asymptomatic after 2.5 years with patent VSGS. Such patients with long duration of working VSGS has been described earlier in the literature.\[[@ref2][@ref26][@ref29][@ref30]\] Awaiting conversion to VPS, complications were seen in 44.4% in group 1 and 28.7% in group 2. The complications observed in both groups were local tissue breakdown and CSF leak. Complications were managed accordingly.

CSF leak, pus discharge at local site and subgaleal swelling, and erythema were more common in group 1. On the contrary, four patients in group 2 who had already undergone VPS followed by malfunction and hydrocephalus; and later subjected to VSGS did not showed any major complication and did fairly well till their conversion to VPS. Though overall complication rate in group 2 was 14.2% but the infection rate was nil. On the other hand, group 1 patients had higher incidence of infections complications. This findings have been mirrored earlier in the study by Nagy *et al*.\[[@ref31]\] who found an infection rate of 8.33% with VSGS in post haemorrhagic hydrocephalus group and 20.0% in the post infectious hydrocephalus group. However, this difference was not found to be statistically significant (*P* = 0.23). The bone remodeling that we encountered in a patient with an overlying tense CSF pouch has been well described in the literature.\[[@ref29]\] This complication is self-limiting and disappears with normal skull expansion as the infant grows. Serious intracranial hemorrhage has been described in the literature\[[@ref29]\] following insertion of VSGS but this was not see in our series.

Also, preterm children with noninfectious hydrocephalus who had undergone VPS from other institutions and presented to us with malfunction were operated during their early infancy. This may question the decision of performing VPS in the early neonatal period for noninfectious hydrocephalus. Out of the four patients who expired in group 1, three of them had undergone VSGS primarily without previous VPS.

Limitation of study {#sec2-7}
-------------------

The retrospective nature of the study among the small cohort of patients failed to derive any specific conclusion in the rates of successful conversion between hydrocephalus of infectious and noninfectious etiology. Heterogeneous etiology in the noninfectious groups was also a limitation of the study.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

VSGS is a feasible temporary CSF diversion procedure in the management of hydrocephalus till the child optimizes itself for a permanent diversion procedure. The conversion rates into permanent VPS are more favorable in noninfectious hydrocephalus. Also treating a preterm with noninfectious hydrocephalus by VPS first may not prove a good option due to increased risk of VPS malfunction and higher chances of revision.
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